With the increased national focus on STEM education, many states now including engineering as part of their education standards for both students and teachers, and the popularity of cocurricular and extracurricular engineering activities, young people have unprecedented ability to explore engineering prior to matriculation in a university engineering program. This study uses a mixed-methods exploratory approach to examine how exposure to pre-college engineering programs affects the experiences of university engineering students. Conducting and analyzing phenomenographic interviews with cohorts of first year engineering students yielded five qualitatively different ways undergraduate engineering students experience the transition from pre-college to university engineering: Foreclosure, Frustration, Tedium, Connection, and Engaging Others.
Utilizing the results of these interviews, we developed a quantitative instrument to explore the relationship between pre-college engineering participation and students' transitions into firstyear engineering programs at a larger scale. Results of the administration of a pilot version showed high overall reliability for the instrument as a whole, as well as high reliability for sets of items associated with the different ways of experiencing the transition from pre-college to university engineering.
The results of this research will help engineering administrators, instructors and designers of undergraduate and pre-college curricula adapt to students' changing needs and abilities as a result of their increased experience with engineering prior to university.
Background
With the recent national focus on improving and increasing access to STEM education, many K-12 students now have the opportunity to study and experience engineering in many different contexts prior to matriculation in a university engineering program. With the growing inclusion of engineering content in many states education standards 1, 2 and the inclusion of significant engineering learning outcomes in the Next Generation Science Standards 3 , engineering is increasingly becoming a formal part of the K-12 curriculum. In addition to the incorporation of engineering in mathematics and science classes, standalone pre-college engineering classes such as those developed by Project Lead The Way (PLTW), the International Technology and Engineering Education Association (ITEEA) and others have also seen tremendous growth that has resulted in more opportunities for students to study engineering and do design projects at the middle and high school 4, 5 . These initiatives reach even the youngest students, with curricula and professional development programs like Engineering is Elementary (EiE) working to increase the presence of engineering in the elementary classroom 6 . As a result of these initiatives, students are much more likely to encounter engineering as part of their pre-college studies.
In addition to formal learning within the classroom, numerous opportunities exist for students to learn about engineering in informal learning environments. These include extracurricular programs such as robotics competitions or after school engineering clubs, engineering-focused summer camps, and university sponsored pre-college engineering outreach programs designed to engage students and encourage them to pursue further study in engineering 7, 8 . Other ways students can be exposed to engineering prior to university include internships at engineering companies and school or community-based maker spaces.
Despite the growth of formal and informal pre-college engineering learning opportunities, relatively little is known about undergraduate engineering students' overall participation in these experiences or how they affect their pursuit of an engineering degree. Research on individual programs such as Project Lead The Way 4 and FIRST Robotics 9 suggests that students who participate in these programs tend to pursue engineering degrees at higher rates than students who have not participated in pre-college engineering programs, although establishing causal relationships has proven challenging with this work. Participation can positively affect students' transitions from secondary education to undergraduate engineering programs by helping students develop a stronger identity as an engineer and increasing their comfort working as a member of a team to solve open-ended design problems 10 . They also have the potential to negatively affect students' transitions to university engineering programs by creating unrealistic expectations about the content of university engineering courses and the level of mathematic and scientific ability necessary to be successful in most engineering programs 10 .
This project seeks to address these issues through a mixed-methods research approach. Phenomenographic interviews with first-year engineering students resulted in the development of a theoretical framework identifying five distinct ways students experience the transition from pre-college to university engineering programs. These results were used to develop a quantitative research instrument that has been successfully piloted at two institutions, and will be distributed to first-year engineering students at multiple institutions in the spring of 2016 to better understand how pre-college engineering programs and activities influence the experiences of students in first-year engineering programs.
Summary of Work Completed Over the Past Year
Major work completed over the past year included an analysis of the relationship between precollege engineering participation and students' grades in their First-Year Engineering courses, a large scale survey of First-Year Engineering Students pre-college engineering experiences and differences in participation between different engineering majors, and the development of a quantitative instrument to assess students' experiences of the transition from pre-college to firstyear engineering programs. Brief summaries of each of these findings (several of which have been published in earlier conference proceedings) are presented in the following sections.
Effects of Participation in Pre-College Engineering Activities on First-Year Engineering Achievement
In 2013, a cohort of 229 first-year engineering students at Purdue University completed a survey on their pre-college experiences, along with consent to access their academic records to explore the relationship between pre-college participation and their university grades. Table 1 shows the relationships between the context of pre-college engineering participation and students' grades in their first two engineering and mathematics classes at Purdue University. T-tests on these data showed no significant differences between students who had participated in various types of precollege engineering activities and students who had not. Table 2 shows differences in mean first-year engineering and mathematics courses broken down by the number of engineering activities students participated in prior to attending university. Again, the differences between students who had participated in pre-college engineering and those who had not were small, and no differences were significant based on Ttests comparing the means. Although these initial analyses do not demonstrate significant differences between students who have participated in pre-college engineering experiences and those who had not, we are continuing to track these students as they enter into the disciplinary engineering programs and will be exploring the relationship between pre-college engineering participation and students' persistence in earning their chosen engineering degrees.
Variation in Pre-College Participation between Engineering Majors
A second study conducted this year for this project involved a brief survey of all First-Year Engineering students at Purdue University that asked for their first choice of engineering major and their exposure to pre-college engineering across nine different contexts. The contexts were elementary school class, middle school engineering class, engineering within a middle school mathematics or science class, high school engineering class, engineering within a high school mathematics or science class, extracurricular activity, university-sponsored pre-college engineering activity, and other. For each of the contexts, students chose one of the following levels of participation: no exposure, minimal exposure, one project or class, two projects or classes, three projects or classes, and four or more projects or classes.
A total of 1576 students completed the survey, and of these respondents 1227 or approximately 78% indicated at least one context where they had more than minimal exposure to engineering prior to attending university. Comparing the mean levels of participation for each major to the population mean showed wide variation between the majors. Civil, nuclear, and electrical and computer engineering had the highest rates of pre-college engineering participation, while environmental, chemical, and those intending to leave engineering after the first year had the lowest rates of pre-college engineering participation. These data suggest that either pre-college engineering experiences may influence students' choice of major, or that students tend to self select into pre-college engineering activities based on their interests which are in turn related to their choice of engineering major.
Development of Quantitative Instrument
In the first phase of this project, completed last year, phenomenographic interviews with firstyear engineering students explored how their experiences with engineering prior to university influenced their transitions to first-year engineering. Analysis of these data resulted in the development of a theoretical framework identifying five distinct ways of experiencing the transition from pre-college to first-year engineering shown in Figure 1 . Over the past year, these qualitative results were utilized to develop a survey instrument to allow for the collection of quantitative data from a larger sample of students. This involved creating Likert-style survey items based on the qualitative data, using the statements provided by the students whose experiences informed the qualitative results to create items for the instrument. The instrument was validated by expert review, where multiple individuals with knowledge of pre-college and/or first-year engineering programs provided feedback on the initial instrument. A pilot version of the instrument was administered using the Qualtrics online survey tool to students at both Boise State University (N=152) and Purdue University (N=127). The survey items and associated mean and standard deviation for each item at each of the two institutions grouped by construct is shown in Table 3 . 
Discussion
The results shown in Table 3 suggest most of the items in the instrument are functioning fairly well. Most items have a standard deviation of approximately one on a five point scale, indicating that for most items there is sufficient variability to establish that respondents are experiencing variation across most aspects of their transitions from pre-college to university engineering. Examining these data also shows that most students do not experience the transition to university engineering as Foreclosure, with lower means across all of the items in this construct. This suggests that most of the respondents do not feel trapped in engineering or pressure to be studying engineering from external forces. Likewise, the overall higher means for Engaging Others suggest that most of the respondents recognize the value of others' contributions to the engineering design process and value working as part of a team.
When examining these results, it is interesting to note that despite significant differences both institutionally and in the first-year engineering curriculum between Purdue University and Boise State University, the means and standard deviations for most of the items are fairly similar. Purdue University is highly ranked nationally across its undergraduate engineering degree offerings, and as a result has a highly competitive admissions process and attracts top students from across the United States and around the world. Boise State University is a well-regarded regional institution, but is nationally ranked significantly lower that Purdue University with a much less competitive admissions process. The first-year engineering curricula also vary considerable between the institutions. Purdue University has a two-semester first-year engineering sequence focused primarily on design and programming with a strong focus on developing students' ability to work on a team, while Boise State University has single first-year engineering course with a strong focus on developing students' mathematics capabilities. Even though the institutional and student characteristics and the curricula are quite different between the two institutions, the similarities in the responses to the instrument suggest that students' experience their transitions from pre-college to university engineering in similar ways which in turn suggests that the theoretical framework developed earlier in the study can help understand students' experiences across a variety of institutions.
Future Work
As of writing, data collected from the pilot administration of the survey are being analyzed to assess the reliability of the instrument and make change prior to distributing the survey to a larger sample of students across multiple institutions in the spring of 2016. This will include assessing the overall reliability of the instrument, the reliability of the five subscales representing the five ways of experiencing the transition from pre-college to university engineering, and identifying and removing items that reduce the reliability of this instrument. The final instrument will then be distributed to new populations of students at Boise State University and Purdue University, along with distribution to four other institutions that will contribute additional demographic, institutional, and curricular diversity. The resulting data will be used to understand students' transitions to university engineering programs, identify and explore variation in students' pre-college engineering experiences and how these experiences influence their transition to first-year engineering, and provide valuable information to both the participating institutions and the larger first-year and pre-college engineering communities to facilitate better alignment between their programs and curricula.
Publications to Date

